Studies of two-dimensional electron systems in a strong magnetic field revealed the quantum Hall effect 1 , a topological state of matter featuring a finite Chern number C and chiral edge states 2,3 . Haldane 4 later theorized that Chern insulators with integer quantum Hall effects could appear in lattice models with complex hopping parameters even at zero magnetic field. The ABC-trilayer graphene/hexagonal boron nitride (ABC-TLG/hBN) moiré superlattice provides an attractive platform with which to explore Chern insulators because it features nearly flat moiré minibands with a valley-dependent, electrically tunable Chern number 5,6 . Here we report the experimental observation of a correlated Chern insulator in an ABC-TLG/hBN moiré superlattice. We show that reversing the direction of the applied vertical electric field switches the moiré minibands of ABC-TLG/hBN between zero and finite Chern numbers, as revealed by large changes in magneto-transport behaviour. For topological hole minibands tuned to have a finite Chern number, we focus on quarter filling, corresponding to one hole per moiré unit cell. The Hall resistance is well quantized at h/2e 2 (where h is Planck's constant and e is the charge on the electron), which implies C = 2, for a magnetic field exceeding 0.4 tesla. The correlated Chern insulator is ferromagnetic, exhibiting substantial magnetic hysteresis and a large anomalous Hall signal at zero magnetic field. Our discovery of a C = 2 Chern insulator at zero magnetic field should open up opportunities for discovering correlated topological states, possibly with topological excitations 7 , in nearly flat and topologically nontrivial moiré minibands.
Studies of two-dimensional electron systems in a strong magnetic field revealed the quantum Hall effect 1 , a topological state of matter featuring a finite Chern number C and chiral edge states 2,3 . Haldane 4 later theorized that Chern insulators with integer quantum Hall effects could appear in lattice models with complex hopping parameters even at zero magnetic field. The ABC-trilayer graphene/hexagonal boron nitride (ABC-TLG/hBN) moiré superlattice provides an attractive platform with which to explore Chern insulators because it features nearly flat moiré minibands with a valley-dependent, electrically tunable Chern number 5, 6 . Here we report the experimental observation of a correlated Chern insulator in an ABC-TLG/hBN moiré superlattice. We show that reversing the direction of the applied vertical electric field switches the moiré minibands of ABC-TLG/hBN between zero and finite Chern numbers, as revealed by large changes in magneto-transport behaviour. For topological hole minibands tuned to have a finite Chern number, we focus on quarter filling, corresponding to one hole per moiré unit cell. The Hall resistance is well quantized at h/2e 2 (where h is Planck's constant and e is the charge on the electron), which implies C = 2, for a magnetic field exceeding 0.4 tesla. The correlated Chern insulator is ferromagnetic, exhibiting substantial magnetic hysteresis and a large anomalous Hall signal at zero magnetic field. Our discovery of a C = 2 Chern insulator at zero magnetic field should open up opportunities for discovering correlated topological states, possibly with topological excitations 7 , in nearly flat and topologically nontrivial moiré minibands.
Moiré superlattices in van der Waals heterostructures have emerged as a powerful tool for engineering quantum phenomena, because the periodic moiré potential defines new length and energy scales [8] [9] [10] . Notably, nearly flat electronic bands can be realized in different moiré superlattice systems, which offer exciting opportunities to realize a wide variety of correlation physics 5, 6 . For example, correlated insulators and superconductivity have been reported in magic-angle twisted bilayer graphene [11] [12] [13] and in ABC-TLG/hBN moiré superlattices 14, 15 , and spontaneous ferromagnetism and an anomalous Hall effect, apparently corresponding to an incipient Chern insulator, have been observed in twisted bilayer graphene with an aligned hBN layer 16 . Recent theories suggest that correlated topological phenomena could emerge in such graphene moiré superlattices, where a non-trivial band topology coexists with the nearly flat moiré miniband 5, 6, 17, 18 . Pristine ABC-TLG, because of its cubic band and therefore a rather flat dispersion at low energy, can already exhibit strong correlations 19 and can potentially host spontaneous quantum Hall states 20 . The moiré superlattice in ABC-TLG/hBN heterostructure further creates isolated flat moiré minibands, which enhances the electron-electron correlation and topological effects in the system. This ABC-TLG/hBN heterostructure provides a particularly attractive platform with which to explore correlated topological phenomena because not only the electron density but also the bandwidth and topology of the moiré minibands can be conveniently controlled by electrostatic gating 5, 6, 14 .
Here we report experimental observation of a correlated Chern insulator and ferromagnetism in ABC-TLG/hBN. Upon tuning the vertical displacement field, we show that the magneto-transport in an ABC-TLG/hBN moiré superlattice exhibits distinct behaviours for trivial minibands (C = 0) compared to topological minibands (C ≠ 0). A correlated Chern insulator with C = 2 quantum anomalous Hall effect 21 emerges around 1/4 filling of the topological hole miniband when the bandwidth is sufficiently narrowed by applying a displacement field in one direction. The correlated Chern insulator spontaneously breaks time-reversal symmetry, exhibiting strong ferromagnetic hysteresis and a zero-field anomalous Hall resistance over 8 kΩ. The experimentally observed C = 2 Chern band can be understood theoretically by incorporating electron-electron interaction effects on the quasiparticle band structure of ABC-TLG/hBN moiré minibands.
We fabricated two ABC-TLG/hBN moiré superlattice devices following the method described in ref. 14 . In brief, the ABC-TLG domain is identified by scanning near-field infrared nanoscopy 22 (Extended Data Fig. 1 ), and is isolated from adjacent ABA domains by atomic force microscope cutting 23 . The isolated ABC-TLG is then encapsulated in exfoliated hBN crystals, where one hBN crystal is aligned with the ABC-TLG to form the moiré superlattice. The ABC-TLG/hBN heterostructures are fabricated into a Hall bar geometry with one-dimensional edge contacts, a metal top gate, and a degenerately doped silicon bottom gate following standard nanofabrication procedures 24 . A schematic image and an optical image of device I (data shown in the main text is from device I) are shown in the insets to Fig. 1a , b (and Extended Data Fig. 2 ). Gate voltages V t and V b are applied to the metal top gate and the Si bottom gate, respectively. The dual-gate configuration allows us to independently control the doping and the miniband bandwidth of the ABC-TLG/hBN heterostructure [25] [26] [27] : the doping relative to the charge neutrality point is set by n D D e = ( − )/ b t , and the miniband bandwidth is tuned by the applied vertical displacement field D D D Fig. 1a ).
As the voltages applied to the gates are tuned, measurements of ρ xx reveal several resistance peaks ( Fig. 1b ) in the ABC-TLG/hBN device across the parameter space controlled by V t and V b . In addition to the peaks corresponding to band insulating states at the charge neutrality point and fully filled point, tunable correlated insulator states emerge at 1/4 filling and 1/2 filling of the hole miniband (that is, one and two holes per moiré unit cell) when a finite displacement field |D| narrows the moiré minibands. There are two apparent asymmetries of the correlated insulator states in ABC-TLG/hBN at 1/4 and 1/2 charge fillings: between the electron and hole minibands, and between positive and negative D. Prominent correlated insulator states are observed in the hole minibands but not in the electron minibands because the hole miniband has a much smaller bandwidth for finite |D| (ref. 14 ) . The asymmetry between the positive and negative D fields arises from the fact that the moiré superlattice exists only between the ABC-TLG and the bottom hBN in this device ( Fig. 1a ). Interestingly, the direction of the displacement field has been predicted to determine not only the relative bandwidth but also the topology of the hole miniband. For a device with moiré superlattice between ABC-TLG and the bottom (top) hBN, a positive (negative) D leads to a trivial hole miniband with C = 0 and smaller bandwidth, while a negative (positive) D leads to a topological hole miniband with C ≠ 0 and larger bandwidth 5, 6 . The difference in bandwidth and topology is reflected in the electrical transport behaviour: in the device with the moiré superlattice at the bottom hBN, we observe stronger correlated insulators in the trivial hole miniband with positive D, because holes are easier to localize in the narrower trivial band than in the broader topological band with negative D (ref. 17 ). Our previous studies have shown that superconductivity can emerge when we dope the 1/4 filling correlated insulator state in selected parameter spaces of the trivial hole miniband 15 .
To better probe the topological aspects of the moiré minibands, we turn to magneto-transport studies. At D = 0, the correlation effect in the system is relatively weak, and the magneto-transport data exhibit well defined quantum Hall states and a Landau fan diagram at low magnetic fields (see Extended Data Fig. 4 ), demonstrating the very high quality of our sample. With large displacement field, the moiré miniband bandwidth becomes narrower, and the dominant electronelectron interaction dramatically changes the magneto-transport behaviour. Figure 2a , b displays the colour plot of ρ xx as a function of the hole doping and the vertical magnetic field B for D = −0.5 V nm −1 (at T = 0.06 K) and D = 0.4 V nm −1 (at T = 1.5 K), respectively. Figure 2c , d shows the corresponding Hall resistivity ρ yx data. Experimental data for D = −0.5 V nm −1 at 1.5 K exhibit qualitatively similar behaviour to those at 0.06 K (see Extended Data Fig. 3 ). We have used n 0 = 5.25 × 10 11 cm −2 as the unit of carrier density, which corresponds to one hole per moiré lattice site (that is, 1/4 filling). The magneto-transport data exhibit distinct behaviours for the topological moiré miniband at negative D and the trivial miniband at positive D (refs. 5, 6 ). Specifically, a strong quantum Hall state emerges from the 1/4 filling point for D = −0.5 V nm −1 but not for D = 0.4 V nm −1 . The dashed line in Fig. 2a traces the minimum in ρ xx following the relation n = νeB/h for ν = 2. This quantum Hall state is well developed at very low magnetic fields, and originates from the 1/4 filling resistive state at zero magnetic field ( Fig. 2a ). At the same time, ρ yx is very large at weak magnetic fields and exhibits a jump in value when the magnetic field switches sign across B = 0 T ( Fig. 2c ). By contrast, stronger correlated insulator states are observed for D = 0.4 V nm −1 , but no signatures of quantum oscillations or quantum Hall effects are present ( Fig. 2b ). In addition, Fig. 2d shows that the Hall resistivity signal tends to be rather small for all hole doping at D = 0.4 V nm −1 . (The relatively large ρ yx signals at 1/4 and 1/2 fillings are artefacts caused by crosstalk from the large ρ xx of the correlated insulator states, and they do not change sign when the magnetic field is reversed.) Figure 2e , f shows ρ yx and ρ xx as a function of density for a few representative magnetic field values, corresponding to horizontal line cuts in Fig. 2c and a, respectively. ρ yx is well quantized for magnetic field larger than 0.4 T at the value of 13.0 ± 0.2 kΩ, that is, the expected quantized value of h/2e 2 = 12.9 kΩ is within the empirical uncertainty. ρ xx exhibits a corresponding minimum in the quantum Hall state, with a minimum resistivity less than 60 Ω at 2 Τ. Figure 2g further displays ρ yx and ρ xx as a function of the magnetic field along the quantum Hall state following the dashed line in Fig. 2c , with the inset showing a zoomed-in plot of ρ yx between 0 to 0.2 T. ρ yx smoothly reaches the quantized value at 0.4 T. ρ yx maintains a large though not quantized value all the way to zero magnetic field, and a large jump of ρ yx is observed when the magnetic field changes sign. The ν = 2 quantum Hall state at 1/4 filling at D = −0.5 V nm −1 cannot be explained by a conventional integer quantum Hall effect from singleparticle Landau levels. Instead, we argue that it represents a quantum anomalous Hall state from a correlated Chern insulator. First, this quantum Hall state only exists at negative D, where the miniband is predicted to have a non-trivial Chern number, and is absent at the positive D, where the band is predicted to be trivial. Second, it is well established that the lowest single-particle Landau level in ABC-TLG should be a ν = 3 state owing to a winding number of 3 close to the valence band maximum 28 . Third, only one quantum Hall state is observed anywhere, and the quantized Hall resistivity appears to start at very low magnetic field. If the observed quantum Hall state of 1/4 filling at D = −0.5 V nm −1 is from the lowest single-particle Landau level, similar Landau levels should also exist close to the charge neutrality point and the 1/2 filling correlated insulators, and higher Landau levels should be observable. (See Extended Data Fig. 4 for a single-particle Landau fan diagram in the same device, where D = 0 and the electron correlation is weak.) Finally, an apparent non-zero quantum Hall-like gap was observed for the 1/4 filling Chern insulator state down to B = 0 T; the size of the gap continuously increases with increasing B (see Methods and Extended Data Fig. 5 ). All our data can be naturally explained by a ν = 2 Chern insulator state at 1/4 filling. Such a C = 2 correlated Chern insulator should feature quantized Hall resistivity ρ yx and a corresponding magnetic field dependent carrier density based on the Streda formula 29 . This Chern insulator at 1/4 filling is a strongly correlated state that breaks the valley degeneracy and fills only the C = 2 electronic band in one valley. The nearly flat and tunable moiré minibands in the ABC-TLG/ hBN moiré heterostructure are critical for the realization of such a correlated topological state.
The correlated Chern insulator, persisting to zero magnetic field, spontaneously breaks the time-reversal symmetry and can generate valley-flavour ferromagnetism at 1/4 filling. Indeed, ferromagnetism and strong anomalous Hall signals emerge from the Chern insulator state at zero magnetic field. Figure 3a Fig. 3a shows the temperature dependence of ρ yx AH and B c : both signals decrease monotonically with increasing temperature, reaching zero at T = 3.5 K. The zero magnetic field ρ yx AH is already close to 12.9 kΩ. An almost perfect quantization of the C = 2 quantum anomalous Hall 18 Chern insulator appears at a magnetic field as low as 0.4 T. 
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The ferromagnetism is tunable by n and D and appears only in a limited parameter space of n and D. In Fig. 2e , ρ yx near n = n 0 presents different signs at B = −4 mT and 6 mT, which is much smaller than B c . For this measurement, the magnetic field is fixed and carrier density is swept from a non-ferromagnetic state to a ferromagnetic state, which leads to ρ yx with different signs even in small positive and negative magnetic fields. A clearer n-dependence of ρ xx , B c and ρ yx AH at D = −0.5 V nm −1 at the base temperature is shown in Fig. 3b by sweeping the magnetic field at different fixed n. B c and ρ yx AH both have maximum values close to n = n 0 . However, ρ yx AH shows a stronger carrier doping dependence and decreases to almost zero at n = n 0 ± 0.2n 0 , while B c decreases to zero at n = n 0 ± 0.35 n 0 . ρ xx displays an unusual behaviour with both a resistance peak and a resistance dip close to n = n 0 , the origin of which requires further experimental and theoretical study. Figure 3c shows the D-dependence of ρ xx , B c and ρ yx AH at n = n 0 . ρ xx shows a maximum at D = −0.5 V nm −1 , which might be due to the narrowest bandwidth and strongest correlation effects at this displacement field 14 . ρ yx AH also shows a maximum at D = −0.5 V nm −1 , suggesting the importance of electron-electron correlations to the observed anomalous Hall signal. A finite ρ yx AH can be observed with D between −0.3 V nm −1 and −0.57 V nm −1 . A non-zero B c is present in the same D range, although the maximum B c appears at D = −0.45 V nm −1 .
The observed C = 2 correlated Chern insulator can be understood theoretically from the topological moiré minibands when the electronelectron interactions are considered. Previous theoretical calculations predict a valley Chern number C = 3 for the single-particle hole miniband for negative D (refs. 5, 6 ), but our results suggest that interaction effects can renormalize the valley Chern number. Figure 4a , b shows the singleparticle band structures of the lowest few moiré minibands in ABC-TLG/ hBN moiré superlattices for positive and negative displacement fields. For the negative D values (supporting a non-zero valley Chern number), the valence band overlaps with the remote lower band (see Fig. 4a ). We incorporate the interaction effects in Hartree-Fock theory. When the valence band is close to the band below (at large |D|) or when the interaction strength is sufficiently strong (with small dielectric constant), the self-energy corrections mix the valence band and the lower band, leading to reduction of the Chern number to C = 2. As shown in Fig. 4c , when the dielectric constant is around 4 (effective screening from the dielectric constant of hBN), the valley Chern number is expected to be 2 for a large range of displacement field values.
Our observation of a tunable C = 2 Chern insulator in ABC-TLG/hBN moiré superlattice provides an opportunity to explore correlated topological states in van der Waals moiré heterostructures. For example, fractional Chern insulators and non-Abelian states could emerge from strong correlations in nearly flat topological minibands once the quality of moiré heterostructures is further improved. In particular, the flat C = 2 Chern band has the potential to host novel fractional Chern insulator states beyond the fractional quantum Hall paradigm 30, 31 .
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Methods

Transport measurements
The ultralow temperature measurement is performed in a dilution refrigerator. Low-temperature electronic filtering, including microwave filters, low-pass resistor-capacitor filters, and thermal meanders, is used to anchor the electron temperature as well as to prevent quasiparticle excitations from high-frequency noise. Stanford Research Systems SR830 lock-in amplifiers with NF Corporation LI-75A voltage preamplifiers are used to measure the resistivity of the device with an alternating-current bias current of 0.5 nA at a frequency of 7 Hz.
The nature of the correlated insulator at 1/4 filling for the topological side Because of the Wannier obstruction caused by the valley Chern number, a standard Mott insulator with localized charge is impossible 17 . Therefore, the physics on the topological side is essentially different from that on the trivial side, despite the similarity between the band structures. Because a narrow Chern band is analogous to a Landau level, the physics on the topological side is similar to that of quantum Hall systems with spin and valley degeneracies. At 1/4 filling, when the band is sufficiently flat, a single fully filled spin-and valley-polarized Chern band is favoured 6 , similar to the "quantum Hall ferromagnetism" found in Landau levels 32 . A valley-polarized Chern insulator matches the current transport experiment quite well. Ideally, a fully filled Chern band leads to quantized Hall conductivity σ yx = 2e 2 /h. At zero magnetic field, domains formed by the two degenerate valleys can cause a finite ρ xx on the order of h/e 2 . Upon increasing the magnetic field to about 0.4 T, the valley Zeeman coupling 17 can align the domains and lead to perfect quantization of the Hall conductivity.
Ferromagnetism and an anomalous Hall effect have also recently been observed in a near-magic-angle twisted bilayer graphene moiré superlattice at 3/4 filling of the conduction miniband, where an hBN cladding layer appears to be aligned with the proximate graphene 16 . These effects are likely to have a similar origin in both systems, where electron-electron interactions create a spontaneous valley polarization in the nearly flat and topological moiré minibands 33, 34 . However, the Hall resistance in the incipient Chern insulator state of the twisted bilayer graphene device of ref. 16 is not quantized even under a finite applied magnetic field, possibly owing to substantial twist-angle disorder 35 .
Calculation for ABC-TLG/hBN moiré superlattice
A simple argument in ref. 6 shows that the valley Chern number must jump by 3 when switching the direction of the displacement field if the super-lattice gap does not close during this process. A direct numerical calculation gives C = 3 for the D < 0 side. Thus, owing to the interactions, a symmetry breaking state with spin-valley polarization is stabilized, and then a Chern insulator with C = 3 is expected. We first improve our theoretical modelling of the band structure by adding various remote-hopping terms at the single-particle level and incorporating interaction effects, as shown in Extended Data Fig. 6 . As we will show, C = 3 is still robust in our more sophisticated model of single-particle band structure. Interaction effects turn out to be necessary to explain the reduction of the Chern number.
The ABC-TLG is modelled by a six-band model. We use the following parameters 36 : (ν, γ 1 , γ 2 , ν 3 , ν 4 ) = (2,676, 380, 8.3, 260, 104) meV.
Then the Hamiltonian for the valley + is: The aligned hBN layer in the bottom provides a moiré hopping term which folds the original band structure to a small mini Brillouin zone. We use the same model of the moiré hopping term as in ref. 37 . Using the above model we get the band structures shown in Fig. 4 . For Φ V = −25 meV (where subscript V indicates 'vertical') we get a narrow valence band with Chern number |C| = 3. We have tried to change the various hopping parameters and the potential difference. However, the Chern number is always equal to 3 and we conclude that C = 2 cannot be reproduced at the single-particle level.
In Fig. 4b , we can see that although at each K-point the valence band is isolated from the band below, they overlap in energy (in other words, although there is a direct gap there is no indirect gap). More precisely, the system is in a compensated semimetal phase at the fully filled point. This is in agreement with the experimental measurement. On the D < 0 side, electrons are pushed away from the aligned bottom hBN layer. Therefore the moiré superlattice potential has a weaker effect and the superlattice gap is small.
Given that the valence band is not isolated from the remote band below, an interaction-induced self-energy can renormalize the band structure and maybe even the band topology. To incorporate this effect, we perform a self-consistent Hartree-Fock calculation by keeping only the valence band and the remote band. The interacting Hamiltonian is where a = ± is the valley index and m = 0,1 is the band index, labelling the valence band and the remote band. σ = ↑, ↓ is the spin index.
is the creation operator corresponding to the band m for the valley a and spin σ. The two terms in the Hamiltonian are the kinetic term and the interaction term. V(q) is the screened Coulomb interaction controlled by the renormalization factor of the dielectric constant. In the interaction we have included the form factors λ a mn ; to incorporate the Berry curvature of the Bloch wavefunctions 6 . Then Hartree-Fock selfenergy can be obtained from the self-consistent equations: We solve these equations by iterating from zero initial values. Then we add the self-energies to calculate the new Chern number. The result is summarized in Fig. 4c . When the dielectric constant is large, the Chern number is 3, the same as the non-interacting case. For a fixed displacement field, increasing the interaction strength (decreasing the dielectric constant) can reduce the Chern number to 2 through a topological transition. For a large parameter region, C = 2 is indeed expected, consistent with the current experiment. Finally, we discuss the nature of the observed Chern insulator. At 1/4 filling, there is one particle per moiré unit cell. Within Hartree-Fock theory 6 , the most natural ground state is a spin-and valley-polarized Chern insulator with C = 2, which is consistent with the transport measurement.
Because the two valleys are degenerate at zero magnetic field, domains can exist and cause the non-quantization of the Hall conductivity owing to the chiral edge mode in the domain boundary. Upon increasing the magnetic field, the valley Zeeman coupling can align the domains and lead to perfect quantization. In the current experiment, the quantization is achieved at only 0.2 T, which suggests that the valley Zeeman coupling is large, consistent with previous theoretical calculations 17 .
The anomalous Hall effect in Fig. 3 strongly suggests that the valley is polarized. Although the simplest ansatz within mean field theory also requires spin polarization, the present transport measurement cannot rule out more exotic Chern insulator phases with the spins in a disordered (for example, 'spin liquid') or anti-ferromagnetic phase. Even for a simple spin-polarized scenario, non-trivial topological defects in spin space may have an important role. The skyrmion excitation carries charge Q = 2e in the Chern insulator and may be the cheapest charge excitation (at small field the cheapest charge excitations may also be valley flips). In this case the activation gap is decided by the skyrmion gap. The existence of skyrmions may be reflected in a large g factor (skyrmions involve many spin flips) for response of activation gap to magnetic field. We leave it to future experiments to probe these possible interesting physics associated with the spin texture.
Insulating behaviour and extracted gap of the Chern insulator state
We measured the magnetic-field-dependent energy gap of the ν = 2 state. Extended Data Fig , at different magnetic field B for the ν = 2 state. For all magnetic fields, the temperature dependencies in Extended Data Fig. 5a , b exhibit typical behaviours of the quantum Hall insulator in that both ρ xx and σ xx decreases with decreasing temperature, which differs from a trivial insulator behaviour where the decrease in σ xx is accompanied by a divergence in ρ xx . This quantum-Hall-like behaviour persists at zero magnetic field. Extended Data Fig. 5c shows the energy gap at different magnetic fields, obtained by fitting the data to an Arrhenius activation model of σ ∝ e xx Δ k T − /2 B . The deviation from the Arrhenius behaviour at the low-and high-temperature limits is possibly due to the variable range hopping at low temperatures and strong thermal excitations at high temperatures. We extract a non-zero energy gap of about 2 K at B = 0. We can clearly see a continuous increase in gap size with increasing the magnetic field from B = 0, and the non-zero intercept at B = 0. It indicates that quantum Hall behaviour extends to zero magnetic field, consistent with the Chern insulator state.
Ferromagnetism and Chern insulator in a second device
Similar ferromagnetism and Chern insulator data have been observed in a second ABC-TLG/hBN device. Extended Data Fig. 7 shows the basic characterization of the second device (device II, Extended Data Fig. 7a ). The moiré exists between the top hBN and ABC-TLG for device II (Extended Data Fig. 7b , opposite to that of device I in the main text). This leads to a non-trivial band at positive displacement fields and a trivial band at negative displacement fields. Extended Data Fig. 7c shows the Mott insulating states at 1/4 and 1/2 fillings of the trivial band for negative displacement fields, and weak resistance peaks of the non-trivial band for the positive displacement fields.
By tuning the gate voltages to the non-trivial side at the positive displacement field near 1/4 filling, we reproduced the main data of device I in the main text. Extended Data Fig. 8 shows the main results for device II. At D = 0.55 V nm −1 , an anomalous Hall hysteresis loop is clearly resolved. We show the n-and D-dependence of the anomalous Hall resistivity ρ yx AH and the coercive field B c in Extended Data Fig. 8b . The fans of ρ xx and ρ yx in Extended Data Fig. 8c, d show the clear ν = 2 state developing from 1/4 filling, as represented by the dashed lines. (The contact resistances are much larger in device II, which leads to much larger measurement noise. It also prevents us from measuring the magneto-transport at the lowest dilution fridge temperatures owing to the increased contact resistances at low temperature.)
